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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an adsorbent for a heat pump which does heat exchange efficiently by the use 
of synthetic zeolite. 

SOLUTION: The adsorbent comprises metal-substituted synthetic zeolite in which at least 33.3% of the total 
replaceable charge of the synthetic zeorlite is replaced with other metal ions. The substituent divalent metal ions are 
one or more kinds of metal ions, for example, selected from Mg2+ t Ca2+ Ba2+, Sr2+, Mn2+, Co2+ Ni2+ Cu2+, Cd2+, 
Zn2+, Ge2+ Sn2+, and Pb2+, or univalent metal ions of K+ or Ag+ 
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CLAIMS 



[Claim(s)] 

[Claim 1] The adsorbent for heat pump characterized by consisting of metal replacement permutite which it comes to 
permute with the metal ion of everything but the exchangeable net charge in permutite 33.3% or more. 
[Claim 2] The adsorbent for heat pump according to claim 1 with which a metal ion besides the above consists of a 
divalent metal ion. 

[Claim 3] The adsorbent for heat pump according to claim 2 which are at least one sort of metal ions with which said 
divalent metal ion was chosen from Mg2+, calcium2+, Ba2+ Sr2+, Mn2+, Co2+, nickel2+ Cu2+, Cd2+, Zn2+ 
germanium2+, Sn2+ t or Pb2+. 

[Claim 4] said — others — the adsorbent for heat pump according to claim 1 with which a metal ion consists of a 
univalent metal ion of K+ or Ag+. 

[Claim 5] The mean particle diameter of said metal replacement permutite is an adsorbent for heat pump given in claim 
1 which is 0.1-10 micrometers thru/or one term of 4. 

[Claim 6] Said metal replacement permutite is an adsorbent for heat pump given in claim 1 which corns to granularity 
thru/or one term of 5. 

[Claim 7] Permutite is an adsorbent for heat pump given in claim 1 which are at least one sort of permutite chosen 
from A mold zeolite, the X type zeolite, Y mold zeolite, or the P type zeolite thru/or one term of 6. 
[Claim 8] Heat pump characterized by using the adsorbent for heat pump of a publication for claim 1 thru/or one term 
of 7. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention offers the metal replacement permutite which it comes to permute with the metal 
ion of everything but the exchangeable net charge especially in permutite 33.3% or more as an adsorbent for heat pump 
about the adsorbent for heat pump. 
[0002] 

[Description of the Prior Art] In COP3, our country set up the reduction target of a room temperature gas discharge 
with a 6% decrease of 90-year level by 2012. Then, energy expenditure has increased already from that time about 15% 
in 1 990, and discharge reduction which reaches to 20% before [ remaining 1 1 years ] 201 2 hung up as a target must be 
performed. Although advanced nations have still been suppressing the elongation of energy expenditure, energy 
expenditure, such as China, is going abruptly up. A reduction target may be terrestrially difficult to attain and 
environmental aggravation may become a serious situation. It is performing ED which uses the natural energy which 
does not use a fossil fuel, for example as these solution approaches. As for these, various attempts, such as sunlight, 
heat, a wind force, an electric generation by temperature difference, and nuclear fusion, are made. Moreover, there is a 
deployment of heat, such as accumulation, etc. 

[0003] Solar-heat zeolite heat pump will be advocated by Tchemev to them in 1978 (D. 479 LTchemev, The use of 
zeolites for solar cooling.Proc.5th Int.Conf.on Zeolite.Rees, L.B.Sand and FAMumpton eds., Pergamon, Oxford, 1978), 
many of these seed researches are made henceforth, and it is. For example, heat pump ( J P, 50- 103 744, A), zeolite 
ice~making refrigeration equipment of use of solar heat (JP,59-56068,A), The exhaust air approach of the heat carrier 
of chemical heat pump (JP.59-1 29360,A), The manufacture approach of chemical heat pump (JP,59-129362,A), The 
actuation approach of a hot-water supply machine ( J P, 60-20052, A) and a chemical-heat-pump type hot-water supply 
machine (JP,60-99966,A), A chemical-heat-pump type hot-water supply machine (JP,60-99967,A), The drive approach 
of chemical heat pump (JP.60-1 26562.A), Chemical heat pump (JP,60-226674,A), the heat pump which operates 
according to the heat source of low grace (JP,6 1-502008, A), An reversible cold energy generator (JP, 1-277 180, A), a 
heat pump type air conditioner (JP.2-21 7729,A), Adsorption equation heat pump (JP,4-225762,A), the rotation module 
mold adsorption equation heat pump using a thermostat siphon (JP,4-309760,A), The method of preparation of the 
storage and use thru/or cold of adsorption equation heat pump (JP,5-322364,A) and heat, In a list, an adsorber 
(JP,5-196318,A), chemico-thermal-storage mold heat pump (JP,6-1 17724.A), Cooling and heating apparatus 
(JP.7-120100.A) which used heat pump equipment (JP,6-331233,A) and a solid-state absorber, The adsorbent block 
and its manufacture approach (Patent Publication Heisei No. 504360 [ seven to ] official report) for chemical heat 
pump, They are chemical heat pump (JP.9-152222.A), a chemico-thermal-storage type inhalation-of^air cooling system 
(JP,10-89798,A), a steamy absorption/emission ingredient (JP.1 1-1 1441 0,A), etc. 

[0004] As for the adsorbent currently used for these, a zeolite, a molecular sieve, sepiolite, silica gel, activated carbon, 

an adsorbent clay mineral, the activated alumina, the porous carbon fiber, the metal porous body, the meso porous 

body, etc. are proposed. In them, many zeolite system heat pump is developed and is proposed. 

[0005] The merit of the zeolite-drainage system heat pump to apply moves only by two, the heat source of the low 

temperature near **1 00-200 degree C, and the heat source near a room temperature. ** Other heat sources, such as 

power, are not needed fundamentally. ** Accumulation capacity is large. ** It can constitute from matter safe in 

environmental problem, and cheap called a zeolite and water. ** The heat insulation equipment for accumulation is not 

needed. ** as adsorption material, compared with the amorphous matter, there is no thermal-expansion nature, it can 

be used repeatedly any number of times, and a maintenance is [ endurance is high and ] easy — etc. — it has the 

description. 

[0006] 

[Problem(s) to be Solved by the Invention] However, the present condition is not yet put in practical use although there 
are many descriptions of zeolite-drainage system heat pump as mentioned above, although some are considered as a 
reason which did not result in utilization until now — one of them — the entropy condition of zeolite water, the 
dehydration behavior of a zeolite, etc. — enough — and it is thought that it is because it did not argue correctly. 
Therefore, the present condition is that most development of the above is studied only using a sodium type zeolite. 
[0007] As a result of inquiring wholeheartedly in view of the above-mentioned problem, by using the metal replacement 
permutite which comes to permute the sodium ion in permutite with other metal ions according to the ion exchange 
33.3% or more as an object for heat pump as an adsorbent for heat pump, this invention persons came to do the 
knowledge of carrying out heat exchange very efficiently, and completed this invention. 
[0008] 

[Means for Solving the Problem] That is, this invention relates to the adsorbent for heat pump characterized by 
consisting of metal replacement permutite which it comes to permute with the metal ion of everything but the 
exchangeable net charge in permutite 33.3% or more. 

[0009] Moreover, this invention relates to the aforementioned adsorbent for heat pump with which other metal ions 
consist of a divalent metal ion. Furthermore, this invention relates to the aforementioned adsorbent for heat pump 
which are at least one sort of metal ions chosen from Mg2+, calcium2+, Ba2+ Sr2+, Mn2+, Co2+, nicke!2+, Cu2+ Cd2+, 
Zn2+, germanium2+, Sn2+, or Pb2+ as a divalent metal ion again. Moreover, this invention relates to the aforementioned 
adsorbent for heat pump with which other metal ions consist of a univalent metal ion of K+ or Ag+. 
[0010] Furthermore, the mean particle diameter of metal replacement permutite is applied to the aforementioned 
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adsorbent for heat pump which is 0.1-10 micrometers by this invention again. Moreover, the metal replacement 
permutite of this invention is applied to the aforementioned adsorbent for heat pump which corns to granularity. 
Furthermore, the permutite of this invention is applied to the aforementioned adsorbent for heat pump which are at 
least one sort of permutite chosen from A mold zeolite, the X type zeolite, Y mold zeolite, or the P type zeolite again. 
Moreover, this invention relates to the heat pump characterized by using the aforementioned adsorbent for heat pump. 
[0011] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. The adsorbent for heat pump of 
this invention is characterized by consisting of metal replacement permutite which it comes to permute with the metal 
ion of everything but the exchangeable net charge in permutite 33.3% or more. 

[001 2] The permutite to apply has the exchangeable cation of owner Perilla frutescens (L.) Britton var. crispa (Thunb.) 
Decne. in zeolite structure. The permutite which is a original object in front of this ion exchange has A mold, an X type, 
Y mold, or a desirable P type zeolite. Mordenite, ANARUSAIMU, a soda light, clinoptilolite, erionite, or a CHABA site is 
usable as others. In the permutite of the original object in front of said ion exchange, a cation is usually sodium, 
although there is also a case of sodium, a potassium, and others. 

[0013] The metal replacement mold zeolite with which the ion exchange of the sodium ion which is a cation in permutite 
was carried out to other metal ions is used for the adsorbent for heat pump used for this invention, this rate of 
exchange — the charge of the convertibility in permutite — it may be 40% or more preferably 33.3% or more. 
[001 4] As other metal ions to exchange, they are the univalent metal ion of K+ or Ag+, or a divalent metal ion. They are 
at least one sort of metal ions chosen from Mg2+, calcium2+, Ba2+, Sr2+, Mn2+, Co2+ nickel2+ t Cu2+, Cd2+ Zn2+, 
germanium2+, Sn2+, or Pb2+ as a divalent metal ion to exchange. In this, K+ Mg2+, and especially Co2+ are desirable. It 
is because the moisture content whose Mg2+ and Co2+ indicated the desirable reason in the after-mentioned or the 
example and which is contained after a permutation is [ like ] high. Moreover, without the crystal structure breaking, 
since it is stable, even an about 200-300-degree C elevated temperature is desirable [ K+ permutation permutite ]. 
[0015] The ion exchanger of permutite can be prepared easily. For example, it is obtained by making the fusibility salt 
water solution of the metal which should be carried out the ion exchange to A mold zeolite fully contact, As a metal 
salt, a chloride, a nitrate, a sulfate, or an organic-acid salt is mentioned. 1-10 micrometers of metal replacement 
permutite as an adsorbent for heat pump of this invention are 2-8 micrometers still more preferably preferably the 
mean particle diameter of 0.1-20 micrometers. 

[0016] If the particle size of metal replacement permutite is too detailed, a zeolite disperses and is not desirable [ this ] 
in case this makes the inside of a heat pump system a vacuum with a vacuum pump. Moreover, in the zeolite of the 
diameter of a large drop, composition of a original object is difficult. The range of particle size is decided for the above 
reason. 

[0017] Moreover, you may com the metal replacement permutite as an adsorbent for heat pump of this invention to 
granularity. The magnitude of the granulation at this time is preferably corned to 10-30 micrometers 10-100 
micrometers on an average. The approach of a granulation is good by the approach usually performed industrially. 
[0018] Next, zeolite-drainage system heat pump is explained. By making high the substitutional rate which permutes Na 
ion of the permutite to be used with other metal ions, this zeolite-drainage system heat pump can design very efficient 
heat pump. 

[0019] Here, if a substitutional rate is made high, it will explain why it is desirable when using it as heat pump. A mold 
zeolite has the presentation of NaAISi08 and nH20 at the time of composition. Na ion and an H20 molecule are got 
blocked in the opening in the silicate framework in this zeolite crystal structure. This water molecule wears and heat 
exchange is performed by - **. This heat exchange is the principle of this heat pump system. In that case, in A mold 
zeolite, the heat exchange (henceforth referred to as hydration enthalpy and deltaH) of 60-67kJ extent is possible per 
one mol of water molecules, and it seldom depends for this value on the class of convertibility cation. That is, the total 
amount of heat exchange has a large place depending on the number of the water molecules in an opening. 
[0020] Then, if the Q value (heat exchange ability) for evaluating heat exchange is expressed, the heat exchange ability 
Q will become the following formula. 

Q=delta Hhxdelta mh [inside of formula, Q:heat exchange ability (kJ/kg (zeolite)), and deltaH rehydration enthalpy 
(kJ/mol(water)), and the amount of deltamh:hydration (a mol(water)/kg (zeolite))] 

[0021] That is, the heat exchange capacity Q per zeolite 1000g is Q=delta H-(W/100) - (1000/18) =0.55 and deltaH-W, 
when the effective moisture content in a zeolite is made into W %. (kJ/kg) 
It is given. 

[0022] From the above-mentioned reason, the absolute value of hydration enthalpy can call greatly what has the high 
capacity as a zeolite for heat pump what has the high content of water. Since the value of hydration enthalpy does not 
change a lot depending on a presentation at this time, it mainly depends for the capacity of the zeolite for heat pump 
on moisture content. Therefore, rising is important. Since a zeolite can permute a convertibility cation easily, if a 
divalent cation permutes univalent cations (Na etc.), the number of cations can become half, and it can make the room 
of water to enter able to increase, and can rise. 

[0023] Although it must be still better if a trivalent cation etc. introduces the cation of many ** more, it is difficult to 
introduce the cation more than trivalent generally. Therefore, in here, they are metal ions, such as a divalent cation, for 
example, Mg2+, calcium2+, Ba2+, Sr2+, Mn2+, Co2+, nickel2+ Cu2+, Cd2+, Zn2+, germanium2+, Sn2+ or Pb2+. In this, 
K+, Mg2+, and Co2+ are suitable. 

[0024] Thus, the content of the moisture in a zeolite can be made [ many ] more by making the substitutional rate of a 
cation (metal ion) high. Thus, if a zeolite with many moisture contents to constitute is used as an adsorbent for heat 
pump, the exchangeable heating value per kg increases, for example, and heat pump with the sufficient effectiveness 
which is not in the former can be created. 

[0025] Next, with reference to a drawing, the heat pump (equipment) concerning this invention is explained. Drawing 1 is 
the configuration explanatory view of the heat pump which used the adsorbent of this invention. Heat pump 10 is 
arranging two or more zeolite beds 1 3 in the tank 1 1 which installed the heater 1 5 for heating. And the heat pump 
system is formed with the pipe 21 which connects the zeolite bed 13 and the water receptacle 20, and the pipe 23 
connected to a vacuum pump 30. In addition, the vacuum gage 33 is arranged in pipe 23 way. Moreover, signs 1-6 are 
the cocks for pipe closing motion. Heat pump 10 fills up a glass tube with metal replacement permutite powder, and 
forms zeolite ** DDO 13. Two or more zeolite ** DDO 13 is put into the tank 1 1 which installed the heater 15, and it 
connects with a sump. First, evacuation of the inside of a heat pump system is carried out with a vacuum pump 30. 
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[0026] Next, at a heater 15, being [ no tank 1 1 ] water is warmed and the zeolite bed 13 is heated in a molten bath. The 
metal replacement permutite powder in the zeolite bed 1 3 is dehydrated with heating. At this time, the steam 
dehydrated from the zeolite is cooled at a pipe 21 passage way room temperature, is condensed in the water 
receptacle 20, and is stored as water. The cock 2 who connects with the water receptacle 20 is closed after 
dehydration, it exchanges in the water of a room temperature except for the molten bath of a tank 1 1 , and a zeolite is 
cooled to a room temperature. If a cock 2 is opened, the zeolite which is a super-vacua will evaporate the water of a 
puddle, and it is begun to absorb it after cooling. At this time, evaporation heat is taken by rapid evaporation and the 
upper part of the water of a puddle begins to freeze after several minutes. It gets cold slowly and will be in a 
supercooling condition from it. And when it cooled to -12 degrees C, the whole sump froze in an instant. 
[0027] Although the case where the gestalt of this operation carries out evacuation of the inside of a heat pump 
system is shown, ordinary pressure is sufficient as the inside of a heat pump system. For example, a vacuum is 
desirable when dehydrating a zeolite at 1 00-degree C low temperature. Moreover, when dehydrating a zeolite at a 
1 60-degree C elevated temperature, it is not necessary to necessarily make the inside of a heat pump system into a 
vacuum, and ordinary pressure is sufficient. When this is related to the amount of dehydration of a zeolite and it 
dehydrates at low temperature (100 degrees C or less) If the inside of a heat pump system is not made into a vacuum, 
when dehydrating at an elevated temperature (160 degrees C) to the ability not to dehydrate sufficient moisture 
content (about 1 5 to 17 wt%) It is because sufficient moisture content (about 1 5 to 17 wt%) can be dehydrated even if 
the inside of a heat pump system is not necessarily a vacuum. 

[0028] The heat pump which used this for the adsorbent list for heat pump of this invention explained above can be 
used for various fields. For example, it is the air conditioning of cooling of IC base of a computer etc., warm 
temperature use of a cold district, a dried flower, low-temperature desiccation, and a residence etc. 
[0029] (Example) Hereafter, an example is shown and this invention is explained still more concretely. When the 
measuring method of the rate of the cation exchange in this example (rate of charge exchange) carries out quantitative 
analysis of alkali, alkaline earth metal, and aluminum and Si with an atomic absorption method and the mole ratio of 
exchanged metal Mn+ and Na+ is set to mMmNa, respectively, the rate of the cation exchange is nxmM/(nxmM+mNa) 
x100(%). 

It becomes. Moreover, moisture content was calculated as a rate of dehydration in 800 degrees C by thermogravimetric 
analysis (TG) as a measuring method of moisture content. 

[0030] Example 1 (1) The chemical analysis of permutite, the rate of the cation exchange (rate of charge exchange), 
and moisture content (wt%) are shown in Table 1 . 



[Table 1] 
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[0031] According to this result, it turns out that the permutite (sample Mg-A, Co-A) which permuted Mg and Co has 
high moisture content. This and the permutite which permuted Mg and Co show that it has high heat exchange ability, 
when using it as an adsorbent for heat pump including a lot of moisture. 

[0032] (2) Subsequently, the rate of dehydration (wt%) when heating the sample of Table 1 in atmospheric air (under 
ordinary pressure) is shown in Table 2. After maintaining the heating approach for 1 hour, it was cooled radiationally in 
the desiccator and measured sample weight in the place which carried out weighing capacity of the sample of the 
above-mentioned table 1 into the porcelain crucible, carried out the temperature up with the electric furnace, and 
became request temperature. 

[Table 2] , , 
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[0033] From this result, the permutite (sample Mg-A, Co-A) which permuted Mg and Co is understood that the rate of 
dehydration from low temperature (25-200 degrees C) is comparatively high. This shows that it has high heat exchange 



3/5 



2006/11/29 11:05 



JP.2001-239156.A [DETAILED DESCRIPTION] 



ability with heating at low temperature, when using it as an adsorbent for heat pump. 

0034] (3) The relation of the Q value (heat exchange ability) for every dehydration temperature is shown in Table 3. 
Table 3] 
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[0035] Moreover, the above-mentioned relation is shown in the graph of drawing 2 . In addition, since sample K-A has 
good thermal stability, the data to 350 degrees C are shown. 

[0036] Example 2 (property measurement of the water content by the substitutional rate of Mg permutation permutite) 
Mg ion permuted the Na-A type composition zeolite. The result is shown in Table 4. Dehydration temperature was 1 00 
degrees C, and vacuum suction of it was carried out with the rotary pump for 1 hour, and it was performed. 
[Table 4] _ 
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[0037] according to this, 37.73% permutite of Mg permutations is received — the difference of the water content 
(moisture content) of 67.85% permutite of Mg permutations is 2.19wt%. Furthermore, it turns out that it will become 
8.1wt(s)% of increment if it is made a ratio with the whole quantity of water, and it has high heat exchange ability, so 
that there are many permutations of Mg. 

[0038] Mg permutation A mold zeolite (sample name: Mg-A) (Nippon Chemical Industrial Co., Ltd. make, trade name 
"ZEOSUTA GA-100P") 350g of example 3 example 1 was put into the glass tube (13) of six 3cm outer diameters, and 
it connected with the tank (11) containing water. .. Refer to drawing 1 [0039]. Subsequently, evacuation of the inside of 
a heat pump system was carried out, and the vacua was checked with the gage 33. Subsequently, it heated to about 
100 degrees C at the heater 15 of a tank 11. At this time, the steam which the zeolite in a glass tube was dehydrated 
and was dehydrated from the zeolite is cooled at a pipe 21 passage way room temperature, is condensed in the water 
receptacle 20, and is stored as water. A cock 2 is closed after dehydration and it exchanges in the water of a room 
temperature except for the molten bath of a tank 11. The dehydrated Mg permutation A mold zeolite is cooled to a 
room temperature. 

[0040] If a cock 2 is opened, the zeolite which is a vacua will evaporate the water of a puddle and it is begun to absorb 
it after cooling. At this time, evaporation heat is taken by rapid evaporation and the upper part of the water of a puddle 
begins to freeze after several minutes. It got cold slowly, changed into the supercooling condition, it became -12 
degrees C, and the whole sump froze in an instant. 

[0041] As a result of using the metal replacement permutite of the following table 5 instead of the Mg permutation A 
mold zeolite (sample name: Mg-A) of four to example 6 example 3 and also carrying out like an example 3, water was 
able to be frozen like the example 3. 
[Table 5] 







mum* 


K-A 


i 5 


Ca-A 




Co-A 



[0042] Sample Na-A shown in Table 1 of an example 1 instead of the Mg permutation A mold zeolite (sample name: 
Mg-A) of example of comparison 1 example 2 was used, and the same experiment as an example 3 was conducted. 
Consequently, freezing water took time amount very much, and it turned out that effectiveness is bad. 
[0043] 

[Effect of the Invention] As explained above, although it carries out metal replacement of the permutite, since the 
adsorbent for heat pump of this invention has much moisture content contained in a zeolite, its absolute value of the 
hydration enthalpy is large, and heat exchange ability is very high [ an adsorbent ]. Therefore, heat pump with the high 
effectiveness which is not conventionally can be created. Thereby, if the adsorbent for heat pump of this invention is 
used, it becomes possible to actually use heat pump in a large field, and can contribute to saving of an energy resource. 
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JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL HELD 

[Field of the Invention] This invention offers the metal replacement permutite which it comes to permute with the metal 
ion of everything but the exchangeable net charge especially in permutite 33.3% or more as an adsorbent for heat pump 
about the adsorbent for heat pump. 
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PRIOR ART 



[Description of the Prior Art] In COP3, our country set up the reduction target of a room temperature gas discharge 
with a 6% decrease of 90-year level by 2012. Then, energy expenditure has increased already from that time about 15% 
in 1990, and discharge reduction which reaches to 20% before [ remaining 1 1 years ] 2012 hung up as a target must be 
performed. Although advanced nations have still been suppressing the elongation of energy expenditure, energy 
expenditure, such as China, is going abruptly up. A reduction target may be terrestrially difficult to attain and 
environmental aggravation may become a serious situation. It is performing ED which uses the natural energy which 
does not use a fossil fuel, for example as these solution approaches. As for these, various attempts, such as sunlight, 
heat, a wind force, an electric generation by temperature difference, and nuclear fusion, are made. Moreover, there is a 
deployment of heat, such as accumulation, etc. 

[0003] Solar-heat zeolite heat pump will be advocated by Tchemev to them in 1978 (D. 479 LTchernev, The use of 
zeolites for solar cooling.Proc.5th Int.Conf.on Zeolite.Rees, LB.Sand and FAMumpton eds., Pergamon, Oxford, 1 978), 
many of these seed researches are made henceforth, and it is. For example, heat pump ( J P, 50- 103 7 44, A), zeolite 
ice-making refrigeration equipment of use of solar heat (JP,59~56068,A), The exhaust air approach of the heat carrier 
of chemical heat pump (JP.59-1 29360.A), The manufacture approach of chemical heat pump (JP.59-1 29362.A), The 
actuation approach of a hot-water supply machine (JP.60-20052.A) and a chemical-heat-pump type hot-water supply 
machine (JP,60-99966,A), A chemical-heat-pump type hot-water supply machine (JP,60-99967,A), The drive approach 
of chemical heat pump (JP.60-1 26562.A), Chemical heat pump (JP.60-226674.A), the heat pump which operates 
according to the heat source of low grace (JP,61-502008,A), An reversible cold energy generator (JP, 1-27 7 180, A), a 
heat pump type air conditioner (JP,2-217729,A), Adsorption equation heat pump (JP.4-225762.A), the rotation module 
mold adsorption equation heat pump using a thermostat siphon (JP,4-309760,A), The method of preparation of the 
storage and use thru/or cold of adsorption equation heat pump (JP.5-322364.A) and heat. In a list, an adsorber 
(JP,5-196318,A), chemico-thermal-storage mold heat pump (JP,6-1 17724,A), Cooling and heating apparatus 
(JP,7-120100,A) which used heat pump equipment (JP,6-331233,A) and a solid-state absorber, The adsorbent block 
and its manufacture approach (Patent Publication Heisei No. 504360 [ seven to ] official report) for chemical heat 
pump, They are chemical heat pump (JP,9-152222,A), a chemico-thermal-storage type inhalation-of-air cooling system 
(JP,10-89798,A), a steamy absorption/emission ingredient (JP.1 1-1 14410.A), etc. 

[0004] As for the adsorbent currently used for these, a zeolite, a molecular sieve, sepiolite, silica gel, activated carbon, 
an adsorbent clay mineral, the activated alumina, the porous carbon fiber, the metal porous body, the meso porous 
body, etc. are proposed. In them, many zeolite system heat pump is developed and is proposed. 
[0005] The merit of the zeolite-drainage system heat pump to apply moves only by two, the heat source of the low 
temperature near **1 00-200 degree C, and the heat source near a room temperature. ** Other heat sources, such as 
power, are not needed fundamentally. ** Accumulation capacity is large. ** It can constitute from matter safe in 
environmental problem, and cheap called a zeolite and water. ** The heat insulation equipment for accumulation is not 
needed. ** as adsorption material, compared with the amorphous matter, there is no thermal-expansion nature, it can 
be used repeatedly any number of times, and a maintenance is [ endurance is high and ] easy — etc. — it has the 
description. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As explained above, although it carries out metal replacement of the permutite, since the 
adsorbent for heat pump of this invention has much moisture content contained in a zeolite, its absolute value of the 
hydration enthalpy is large, and heat exchange ability is very high [ an adsorbent ]. Therefore, heat pump with the high 
effectiveness which is not conventionally can be created. Thereby, if the adsorbent for heat pump of this invention is 
used, it becomes possible to actually use heat pump in a large field, and can contribute to saving of an energy resource. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] However, the present condition is not yet put in practical use although there 
are many descriptions of zeolite-drainage system heat pump as mentioned above, although some are considered as a 
reason which did not result in utilization until now — one of them — the entropy condition of zeolite water, the 
dehydration behavior of a zeolite, etc. — enough — and it is thought that it is because it did not argue correctly. 
Therefore, the present condition is that most development of the above is studied only using a sodium type zeolite. 
[0007] As a result of inquiring wholeheartedly in view of the above-mentioned problem, by using the metal replacement 
permutite which comes to permute the sodium ion in permutite with other metal ions according to the ion exchange 
33.3% or more as an object for heat pump as an adsorbent for heat pump, this invention persons came to do the 
knowledge of carrying out heat exchange very efficiently, and completed this invention. 
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MEANS 



[Means for Solving the Problem] That is, this invention relates to the adsorbent for heat pump characterized by 
consisting of metal replacement permutite which it comes to permute with the metal ion of everything but the 
exchangeable net charge in permutite 33.3% or more. 

[0009] Moreover, this invention relates to the aforementioned adsorbent for heat pump with which other metal ions 
consist of a divalent metal ion. Furthermore, this invention relates to the aforementioned adsorbent for heat pump 
which are at least one sort of metal ions chosen from Mg2+, calcium2+, Ba2+, Sr2+, Mn2+, Co2+ nicke!2+, Cu2+, Cd2+, 
Zn2+ germanium2+, Sn2+, or Pb2+ as a divalent metal ion again. Moreover, this invention relates to the aforementioned 
adsorbent for heat pump with which other metal ions consist of a univalent metal ion of K+ or Ag+. 
[0010] Furthermore, the mean particle diameter of metal replacement permutite is applied to the aforementioned 
adsorbent for heat pump which is 0.1-10 micrometers by this invention again. Moreover, the metal replacement 
permutite of this invention is applied to the aforementioned adsorbent for heat pump which corns to granularity. 
Furthermore, the permutite of this invention is applied to the aforementioned adsorbent for heat pump which are at 
least one sort of permutite chosen from A mold zeolite, the X type zeolite, Y mold zeolite, or the P type zeolite again. 
Moreover, this invention relates to the heat pump characterized by using the aforementioned adsorbent for heat pump. 
[0011] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. The adsorbent for heat pump of 
this invention is characterized by consisting of metal replacement permutite which it comes to permute with the metal 
ion of everything but the exchangeable net charge in permutite 33.3% or more. 

[0012] The permutite to apply has the exchangeable cation of owner Perilla frutescens (1_) Britton var. crispa (Thunb.) 
Decne. in zeolite structure. The permutite which is a original object in front of this ion exchange has A mold, an X type, 
Y mold, or a desirable P type zeolite. Mordenite, ANARUSAIMU, a soda light, clinoptilolite, erionite, or a CHABA site is 
usable as others. In the permutite of the original object in front of said ion exchange, a cation is usually sodium, 
although there is also a case of sodium, a potassium, and others. 

[001 3] The metal replacement mold zeolite with which the ion exchange of the sodium ion which is a cation in permutite 
was carried out to other metal ions is used for the adsorbent for heat pump used for this invention, this rate of 
exchange — the charge of the convertibility in permutite — it may be 40% or more preferably 33.3% or more. 
[0014] As other metal ions to exchange, they are the univalent metal ion of K+ or Ag+, or a divalent metal ion. They are 
at least one sort of metal ions chosen from Mg2+, calcium2+, Ba2+, Sr2+, Mn2+, Co2+, nicke!2+, Cu2+, Cd2+, Zn2+, 
germanium2+, Sn2+, or Pb2+ as a divalent metal ion to exchange. In this, K+, Mg2+ and especially Co2+ are desirable. It 
is because the moisture content whose Mg2+ and Co2+ indicated the desirable reason in the after-mentioned or the 
example and which is contained after a permutation is [ like ] high. Moreover, without the crystal structure breaking, 
since it is stable, even an about 200-300-degree C elevated temperature is desirable [ K+ permutation permutite ]. 
[0015] The ion exchanger of permutite can be prepared easily. For example, it is obtained by making the fusibility salt 
water solution of the metal which should be carried out the ion exchange to A mold zeolite fully contact. As a metal 
salt, a chloride, a nitrate, a sulfate, or an organic-acid salt is mentioned. 1-10 micrometers of metal replacement 
permutite as an adsorbent for heat pump of this invention are 2-8 micrometers still more preferably preferably the 
mean particle diameter of 0.1-20 micrometers. 

[0016] If the particle size of metal replacement permutite is too detailed, a zeolite disperses and is not desirable [ this ] 
in case this makes the inside of a heat pump system a vacuum with a vacuum pump. Moreover, in the zeolite of the 
diameter of a large drop, composition of a original object is difficult. The range of particle size is decided for the above 
reason. 

[001 7] Moreover, you may corn the metal replacement permutite as an adsorbent for heat pump of this invention to 
granularity. The magnitude of the granulation at this time is preferably corned to 10-30 micrometers 10-100 
micrometers on an average. The approach of a granulation is good by the approach usually performed industrially. 
[0018] Next zeolite-drainage system heat pump is explained. By making high the substitutional rate which permutes Na 
ion of the permutite to be used with other metal ions, this zeolite-drainage system heat pump can design very efficient 
heat pump. 

[0019] Here, if a substitutional rate is made high, it will explain why it is desirable when using it as heat pump. A mold 
zeolite has the presentation of NaAISi08 and nH20 at the time of composition. Na ion and an H20 molecule are got 
blocked in the opening in the silicate framework in this zeolite crystal structure. This water molecule wears and heat 
exchange is performed by - **. This heat exchange is the principle of this heat pump system. In that case, in A mold 
zeolite, the heat exchange (henceforth referred to as hydration enthalpy and deltaH) of 60-67kJ extent is possible per 
one mol of water molecules, and it seldom depends for this value on the class of convertibility cation. That is, the total 
amount of heat exchange has a large place depending on the number of the water molecules in an opening. 
[0020] Then, if the Q value (heat exchange ability) for evaluating heat exchange is expressed, the heat exchange ability 
Q will become the following formula. 

Q=delta Hhxdelta mh [inside of formula, Q:heat exchange ability (kJ/kg (zeolite)), and deltaHh:hydration enthalpy 
(kJ/mol(water)), and the amount of deltamhihydration (a mol(water)/kg (zeolite))] 

[0021] That is, the heat exchange capacity Q per zeolite 1000g is Q=delta hHW/100) - (1000/18) =0.55 and deltaH-W, 
when the effective moisture content in a zeolite is made into W %. (kJ/kg) 
It is given. 

[0022] From the above-mentioned reason, the absolute value of hydration enthalpy can call greatly what has the high 



1 / 2 



2006/11/29 11:06 



JP.2001-239156.A [MEANS] 



capacity as a zeolite for heat pump what has the high content of water. Since the value of hydration enthalpy does not 
change a lot depending on a presentation at this time, it mainly depends for the capacity of the zeolite for heat pump 
on moisture content. Therefore, rising is important. Since a zeolite can permute a convertibility cation easily, if a 
divalent cation permutes univalent cations (Na etc.), the number of cations can become half, and it can make the room 
of water to enter able to increase, and can rise. xr- 
[0023] Although it must be still better if a trivalent cation etc. introduces the cation of many ** more, it is difficult to 
introduce the cation more than trivalent generally. Therefore, in here, they are metal ions, such as a divalent cation, for 
example, Mg2+, calcium2+ Ba2+, Sr2+, Mn2+ Co2+ nickel2+ Cu2+ Cd2+, Zn2+, germanium2+, Sn2+ or Pb2+. In this, 
K+, Mg2+, and Co2+ are suitable. 

[0024] Thus, the content of the moisture in a zeolite can be made [ many ] more by making the substitutional rate of a 
cation (metal ion) high. Thus, if a zeolite with many moisture contents to constitute is used as an adsorbent for heat 
pump, the exchangeable heating value per kg increases, for example, and heat pump with the sufficient effectiveness 
which is not in the former can be created. 

[0025] Next, with reference to a drawing, the heat pump (equipment) concerning this invention is explained. Drawing 1 is 
the configuration explanatory view of the heat pump which used the adsorbent of this invention. Heat pump 10 is 
arranging two or more zeolite beds 1 3 in the tank 1 1 which installed the heater 1 5 for heating. And the heat pump 
system is formed with the pipe 21 which connects the zeolite bed 13 and the water receptacle 20, and the pipe 23 
connected to a vacuum pump 30. In addition, the vacuum gage 33 is arranged in pipe 23 way. Moreover, signs 1-6 are 
the cocks for pipe closing motion. Heat pump 10 fills up a glass tube with metal replacement permutite powder, and 
forms zeolite ** DDO 13. Two or more zeolite ** DDO 13 is put into the tank 1 1 which installed the heater 15, and it 
connects with a sump. First, evacuation of the inside of a heat pump system is carried out with a vacuum pump 30. 
[0026] Next, at a heater 15, being [ no tank 11 ] water is warmed and the zeolite bed 13 is heated in a molten bath. The 
metal replacement permutite powder in the zeolite bed 13 is dehydrated with heating. At this time, the steam 
dehydrated from the zeolite is cooled at a pipe 21 passage way room temperature, is condensed in the water 
receptacle 20, and is stored as water. The cock 2 who connects with the water receptacle 20 is closed after 
dehydration, it exchanges in the water of a room temperature except for the molten bath of a tank 11, and a zeolite is 
cooled to a room temperature. If a cock 2 is opened, the zeolite which is a super-vacua will evaporate the water of a 
puddle, and it is begun to absorb it after cooling. At this time, evaporation heat is taken by rapid evaporation and the 
upper part of the water of a puddle begins to freeze after several minutes. It gets cold slowly and will be in a 
supercooling condition from it And when it cooled to -12 degrees C, the whole sump froze in an instant. 
[0027] Although the case where the gestalt of this operation carries out evacuation of the inside of a heat pump 
system is shown, ordinary pressure is sufficient as the inside of a heat pump system. For example, a vacuum is 
desirable when dehydrating a zeolite at 100-degree C low temperature. Moreover, when dehydrating a zeolite at a 
1 60-degree C elevated temperature, it is not necessary to necessarily make the inside of a heat pump system into a 
vacuum, and ordinary pressure is sufficient. When this is related to the amount of dehydration of a zeolite and it 
dehydrates at low temperature (100 degrees C or less) If the inside of a heat pump system is not made into a vacuum, 
when dehydrating at an elevated temperature (160 degrees C) to the ability not to dehydrate sufficient moisture 
content (about 1 5 to 1 7 wt%) It is because sufficient moisture content (about 1 5 to 17 wt%) can be dehydrated even if 
the inside of a heat pump system is not necessarily a vacuum. 

[0028] The heat pump which used this for the adsorbent list for heat pump of this invention explained above can be 
used for various fields. For example, it is the air conditioning of cooling of IC base of a computer etc., warm 
temperature use of a cold district, a dried flower, low-temperature desiccation, and a residence etc. 
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EXAMPLE 



(Example) Hereafter, an example is shown and this invention is explained still more concretely. When the measuring 
method of the rate of the cation exchange in this example (rate of charge exchange) carries out quantitative analysis of 
alkali, alkaline earth metal, and aluminum and Si with an atomic absorption method and the mole ratio of exchanged 
metal Mn+ and Na+ is set to mMmNa, respectively, the rate of the cation exchange is nxmM/(nxmM+mNa) x100 (%). 
It becomes. Moreover, moisture content was calculated as a rate of dehydration in 800 degrees C by thermogravimetric 
analysis (TG) as a measuring method of moisture content. 

[0030] Example 1 (1) The chemical analysis of permutite, the rate of the cation exchange (rate of charge exchange), 
and moisture content (wt%) are shown in Table 1. 





<b^5£ 




^*S(wt%) 


Na-A 


Na 1 .„(Al 1 . M -Si,.„)0,-4.21H,0 


0 


21.65 


K-A 


(K,. IJ -Na,.„)(Al 1 . ls -Si l .„)0,-3.84H,0 


84.79 


18.13 


Ca-A 


(Ca,.M-Mai.n)(Al,.«-Si,.„)0,-4.62H,0 


89.04 


23.46 


Mg-A 


<Mg M ,-Na 1 . OI )(Al ) . ll -Si,,,,)0,-5.34H,0 


48.94 


26.30 


Co -A 


(Co,. ll -Ka l .„)(Al I .„-Si,.„)0,-5.90H,0 


64.81 


27.13 



[0031] According to this result, it turns out that the permutite (sample Mg-A, Co- A) which permuted Mg and Co has 
high moisture content. This and the permutite which permuted Mg and Co show that it has high heat exchange ability, 
when using it as an adsorbent for heat pump including a lot of moisture. 

[0032] (2) Subsequently, the rate of dehydration (wt%) when heating the sample of Table 1 in atmospheric air (under 
ordinary pressure) is shown in Table 2. After maintaining the heating approach for 1 hour, it was cooled radiationally in 
the desiccator and measured sample weight in the place which carried out weighing capacity of the sample of the 
above-mentioned table 1 into the porcelain crucible, carried out the temperature up with the electric furnace, and 
became request temperature. 



t>7° IV 


25-100 

•c 


25-200 

•c 


25—300 
°C 


25-400 

•c 


25-500 
"C 


25-600 

•c 


25-700 

•c 


25-800 

•c 


Na-A 


4.23 
(wtX) 


16.65 


19.11 


20.66 


21.49 


21.65 


21.66 


21.65 


K-A 


3.21 


11.46 


16.85 


17.87 


18.05 


18.09 


18.12 


18.13 


Ca-A 


4.12 


13.90 


21.07 


21.94 


22.45 


22.93 


23.17 


23.46 


Hg-A 


6.48 


20.47 


23.52 


24.71 


25.26 


25.68 


25.98 


26.30 


Co-A 


8.56 


20.44 


24.14 


25.91 


26.50 


26.76 


26.99 


27.13 



[0033] From this result, the permutite (sample Mg-A, Co-A) which permuted Mg and Co is understood that the rate of 
dehydration from low temperature (25-200 degrees C) is comparatively high. This shows that it has high heat exchange 
ability with heating at low temperature, when using it as an adsorbent for heat pump. 

[0034] (3) The relation of the Q value (heat exchange ability) for every dehydration temperature is shown in Table 3. 
[Table 3] 
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486 
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Mg-A 


161 


394 


517 


690 


759 


805 


838 


865 


Co-A 


219 


350 


521 


630 


685 


748 


826 


864 



[0035] Moreover, the above-mentioned relation is shown in the graph of drawing 2 . In addition, since sample K-A has 
good thermal stability, the data to 350 degrees C are shown. 

[0036] Example 2 (property measurement of the water content by the substitutional rate of Mg permutation permutite) 
Mg ion permuted the Na-A type composition zeolite. The result is shown in Table 4. Dehydration temperature was 100 
degrees C, and vacuum suction of it was carried out with the rotary pump for 1 hour, and it was performed. 
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[0037] according to this, 37.73% permutite of Mg permutations is received — the difference of the water content 
(moisture content) of 67.85% permutite of Mg permutations is 2.19wt%. Furthermore, it turns out that it will become 
8.1wt(s)% of increment if it is made a ratio with the whole quantity of water, and it has high heat exchange ability, so 
that there are many permutations of Mg. 

[0038] Mg permutation A mold zeolite (sample name: Mg-A) (Nippon Chemical Industrial Co., Ltd. make, trade name 
"ZEOSUTA GA-100P") 350g of example 3 example 1 was put into the glass tube (13) of six 3cm outer diameters, and 
it connected with the tank (11) containing water. .. Refer to drawing 1 [0039]. Subsequently, evacuation of the inside of 
a heat pump system was carried out, and the vacua was checked with the gage 33. Subsequently, it heated to about 
100 degrees C at the heater 15 of a tank 1 1. At this time, the steam which the zeolite in a glass tube was dehydrated 
and was dehydrated from the zeolite is cooled at a pipe 21 passage way room temperature, is condensed in the water 
receptacle 20, and is stored as water. A cock 2 is closed after dehydration and it exchanges in the water of a room 
temperature except for the molten bath of a tank 11. The dehydrated Mg permutation A mold zeolite is cooled to a 
room temperature. 

[0040] If a cock 2 is opened, the zeolite which is a vacua will evaporate the water of a puddle and it is begun to absorb 
it after cooling. At this time, evaporation heat is taken by rapid evaporation and the upper part of the water of a puddle 
begins to freeze after several minutes. It got cold slowly, changed into the supercooling condition, it became -12 
degrees C, and the whole sump froze in an instant. 

[0041] As a result of using the metal replacement permutite of the following table 5 instead of the Mg permutation A 
mold zeolite (sample name: Mg-A) of four to example 6 example 3 and also carrying out like an example 3, water was 
able to be frozen like the example 3. 

[Table 5] 









K-A 


Hiffitf! 5 


Ca-A 


nmme 


Co-A 



[0042] Sample Na-A shown in Table 1 of an example 1 instead of the Mg permutation A mold zeolite (sample name: 
Mg-A) of example of comparison 1 example 2 was used, and the same experiment as an example 3 was conducted 
Consequently, freezing water took time amount very much, and it turned out that effectiveness is bad. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

fDrawing 1] The configuration explanatory view of heat pump. 

["Drawing 2] The graph which shows the relation between dehydration temperature and heat exchange ability. 
[Description of Notations] 
1. 2, 3, 4, 5, 6 Cock 

10 Heat Pump 

1 1 Tank 

13 Zeolite Bed 
15 Heater 

20 Water Receptacle 
30 Vacuum Pump 
33 Vacuum Gage 
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